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ABSTRACT
Extinction curves observed toward individual Active Galactic Nuclei (AGN) usually show a steep
rise toward far-ultraviolet (far-UV) wavelengths and can be described by the Small Magellanic Cloud
(SMC)-like dust model. In addition, optical polarization of AGN peaks at wavelength of λmax ≤ 0.4µm,
shorter than the standard interstellar polarization of λmax = 0.55µm. These features suggest the
dominance of small grains of sizes a ≤ 0.1µm in the local environment of AGN, but why small grains
are predominant in this environment is unclear. In this paper, we aim to explain these observed
properties by applying the RAdiative Torque Disruption (RATD) mechanism for an intense radiation
of AGN. We first calculate the disruption size of grains by RATD and model extinction curves using
the resulting grain size distribution provided by RATD. We find that RATD can disrupt large grains
of size ≥ 0.1µm into smaller sizes up to 100 pc in the polar cone and 10 pc in the torus. As a result,
the optical-near infrared (NIR) extinction decreases, whereas the UV extinction increases, producing a
steep far-UV rise in the extinction curve. The optical-to-selective visual extinction ratio, RV, decreases
with decreasing the distance of dust clumps to the AGN. Then, we study alignment of grains by the
RAdiative Torque (RAT) alignment mechanism and find that small grains of size a ≤ 0.1µm can
be aligned by RATs. We model dust polarization of AGN induced by aligned grains that taking
into account the effect of RATD and find that polarization curves have a low peak wavelength of
λmax . 0.3µm. The peak wavelength also decreases with decreasing the cloud’s distance to the center
of AGN due to enhanced alignment and abundance of small grains by RATs and RATD. Finally, we
discuss implications of our results for steep far-UV rise extinction curves and polarimetric properties
of AGN, and suggest that the RATD effect could reproduce the observed decrease of polarization with
emission intensity toward the central region of galaxies.
Keywords: active galactic nuclei: dust, extinction
1. INTRODUCTION
According to the unified model of Active Galactic Nu-
clei (AGN; Antonucci 1993; Urry & Padovani 1995), all
types of AGN have a similar structure, including a su-
permassive black hole in the center of a galaxy and a
surrounding accretion disk. They are covered by an op-
tically thick torus at the equatorial plane and a dusty
region in the polar direction. This region extends to a
parsec-scale of ∼ 100 pc and is likely produced by the
blowout by strong radiation pressure of AGN (Hnig et al.
2012, Ho¨nig et al. 2013).
UV-optical radiation from the accretion disk and the
broad line region (BLR) are strongly blocked by dust in
the torus and the polar cone, which prevents us from
observing the central region of AGN. Dust grains in the
surrounding region are then heated to higher tempera-
tures and re-emit in infrared wavelength, resulting in the
infrared bump in the spectral energy distribution (SED)
of AGN (Sanders et al. 1989, Wilkes 2004). Thus, far-
IR thermal dust emission is a powerful tool to study
physical properties of AGN.
Physical properties of dust, including size distribution
and composition, are important for interpreting obser-
vations of SED as well as inferring physical and chemical
properties of AGN. However, origin and physical prop-
erties of dust in AGN are poorly constrained.
Photometric observations of individual AGN usually
report the ’red tail’ in its color distribution (Webster
et al. 1995, Brotherton et al. 2001, Gregg et al. 2002,
Richards et al. 2002), that partly can be explained by
the extinction of dust in the host galaxies (Richards
et al. 2003). The observed extinction curves of these
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2AGN are featured by a steep rise from FIR to FUV
and can be described by the Small Magellanic Clouds
(SMC)-like dust model. For example, 273 over 4576
quasars observed by Sloan Digital Sky Survey (SDSS)
(Richards et al. 2003) and 9655 SDSS quasars, including
1887 quasars observed by Two Micron All Sky Survey
(2MASS) (Hopkins et al. 2004) appear to be redder and
can be explained by the SMC-like extinction curve. In
contrast, Gaskell & Benker (2007) only found the same
result for B3 0754+394, the curves of the other 13 AGN
show the flat in FUV range and can be fitted with the
’gray’ extinction curve. Moreover, Czerny et al. (2004)
and Gaskell et al. (2004) also found the same conclusion
about the observed gray extinction curves of AGN by
inferring from composite spectra quasar, implying the
dominance of large grains of size a ≥ 0.5µm in AGN
environments (Czerny et al. 2004, Gaskell et al. 2004).
However, Willott (2005) suggested that this method
may be not as accurate as measurements toward indi-
vidual AGN because of the difference in their redshifts.
A steep far-UV rise extinction requires the enhance-
ment of small grains of size a ≤ 0.1µm in the local envi-
ronments of AGN compared to the standard interstellar
dust model (Mathis et al. 1977, Weingartner & Draine
2001). This suggests that local dust might be modified
by the intense radiation of AGN. Laor & Draine (1993)
first studied the destruction of dust in AGN and found
that grains are sublimated up to the end of BLR in the
polar cone and ∼ 0.9 pc in the torus (Ho¨nig & Kishimoto
2010). However, this mechanism is more sufficient in de-
stroying small grains than large grains, and it converts
grains directly to the gas phase, which reduces the ex-
tinction. Dust destruction in AGN via Coulomb explo-
sion due to energetic photons (e.g., X-ray and extreme
UV (Draine & Salpeter 1979) is studied in Weingartner
et al. (2006) and recently in Tazaki et al. (2020). This
process also works effectively for very small grains be-
cause they can only accommodate a smaller amount of
charge. In addition, sub-micron grains can be removed
by non-thermal sputtering due to grain acceleration by
radiation pressure (Tazaki & Ichikawa 2020), but grains
of size a ≤ 0.1µm may be not affected. Thus, small
grains can be enhanced, but its efficiency is not strong.
Then, how large grains are removed and small grains are
enhanced around AGN is still unclear.
Recently, Hoang et al. (2019b) introduced a new dust
destruction mechanism namely RAdiative Torque Dis-
ruption (RATD, see Hoang 2020 for a review). The
mechanism is based on centrifugal stress of a grain which
is spun up by radiative torques (Draine & Weingart-
ner 1996; Lazarian & Hoang 2007; Hoang & Lazarian
2009). As shown in Hoang et al. (2019b), large grains
of a ≥ 0.1µm exposed to a strong radiation field can be
quickly disrupted into smaller pieces in large distances.
Therefore, we expect that RATD can explain the domi-
nance of small grains around AGN. Thus, the first goal
of this paper is to quantify the effect of RATD and model
the observed extinction curves in the presence of RATD.
Polarimetry is also a powerful technique to study mag-
netic fields, dust physics, as well as physical properties
of the central engine of AGN. Polarization curves ob-
served from AGN frequently show a rise of the polar-
ization degree from NIR to a peak at λmax . 0.4µm,
shorter than the typical value of λmax ≈ 0.55µm in the
standard interstellar medium (ISM) of Galaxy. For in-
stance, polarization data of NGC 4151 in the range of
0.3− 0.8µm observed by different telescopes from 1971
to 1977 show that the degree of polarization increases
continuously from P (λ) ∼ 0.58 % at 0.8µm to the peak
of ∼ 1.5 % at ∼ 0.4µm then drops to ∼ 1 % at 0.36µm
(see Kruszewski 1971, Thompson et al. 1979). Other
objects, including NGC 1068 (Kruszewski 1971, Angel
et al. 1976), Markarian 376 and IC 4329 (Martin et al.
1982), also show a steep polarization rising to ∼ 8−10 %
toward the NUV wavelength, 26 AGN studied in Webb
et al. (1993) also report the rise of the polarization de-
gree to the blue, and some of them have the peak at B
band. Recently, observations of polarized dust emission
in the MIR and FIR from aligned dust grains are re-
ported (Lopez-Rodriguez et al. 2018b, Lopez-Rodriguez
et al. 2018a). These observations reveal the decrease of
the polarization degree with emission intensity and col-
umn density toward the dense central region of galaxies,
although its physical origin is unclear (Lopez-Rodriguez
et al. 2020a, Lopez-Rodriguez et al. 2020b, Jones et al.
2020).
The origin of these observed features in the NUV-NIR
wavelengths can be intrinsic or extrinsic (Webb et al.
1993). The intrinsic mechanisms include synchrotron
or inverse Compton radiation, which can explain the
high polarization degree of P (λ) ≥ 10 % observed from
highly variable quasars and AGN (Kinman 1976, Tapia
et al. 1977, Martin et al. 1976), but it cannot explain
for the variation of P (λ) with wavelength. On the other
hand, the extrinsic mechanisms include Rayleigh scat-
tering by circumstellar matter (e.g., Kruszewski 1971,
Kruszewski 1977) and dichroic extinction by aligned in-
terstellar grains. The former can naturally explain the
rise of P (λ) to the short wavelength because blue light
is more efficiently scattered by surrounding particles.
The latter mechanism is proposed for explaining the
wavelength-dependence of the polarization observed in
NGC 3227 and 3516 (Thompson et al. 1980). However,
fitting the polarization curve of NGC 3227 and 3516
Grain alignment and disruption in AGN 3
with the Serkowski law (Serkowski et al. 1975) yields
the wavelength at the maximum polarization (hereafter
peak wavelength) of λmax ∼ 2250 A˚ and 3400 A˚, which is
much smaller than the typical value of λmax ∼ 0.55µm
for interstellar polarization in the Galaxy. It implies
that grain alignment in the host galaxy of AGN is dif-
ferent from ones in our Galaxy.
Our previous studies show the enhancement of align-
ment of small grains in the local environments of type
Ia supernova (SNe Ia, Giang et al. 2020) and Gamma-
ray bursts (GRBs, Hoang et al. 2020) compared to the
average interstellar radiation can shift the peak wave-
length to the blue with λmax < 0.5µm. Thus, we expect
the similar effect for grains around AGN. The second
goal of this paper is to study the alignment process of
dust grains in AGN environments via RAdiative Torques
(RAT) alignment mechanism and model the resulting
polarization curves by aligned grains.
The structure of the paper is as follows. In Section 2,
we describe the radiation field of AGN and the princi-
pal points of the RATD mechanism. The physical model
of the polar cone and the dusty torus, and the radiative
transfer model are presented in Sections 3 and 4, respec-
tively. In Sections 5 and 6, we present our numerical re-
sults for grain disruption, alignment, extinction as well
as polarization curves. An extended discussion and a
summary of our main findings are presented in Sections
7 and 8, respectively.
2. RADIATIVE TORQUE DISRUPTION
MECHANISM FOR ACTIVE GALACTIC
NUCLEI
2.1. Radiation Field of AGN
The spectral energy density, uE, of an unobscured
AGN at a distance d from the source can be described
as (Yu. Sazonov et al. 2004):
uE = α
{
0.0789 ( EeV )
−0.6 for 1 eV ≤ E < 10 eV
( EeV )
−1.7 exp( E2keV ) for 10 eV ≤ E < 13.6 eV
}
,(1)
where α = 2.26 × 10−10 erg eV−1 nγ(≥ 13.6 eV) is the
normalization constant with nγ(≥ 13.6 eV) the total
number of photon beyond 13.6 eV (Weingartner et al.
2006):
nγ(≥ 13.6 eV) = 2× 107 cm−3
(
Lbol
1046 erg s−1
)(
d
pc
)−2
,(2)
where Lbol is the luminosity of AGN from 1 eV to 10
keV. We take Lbol = 10
46 erg s−1 as a typical value and
assume that AGN is a constant radiation source. Here,
we consider only UV-optical photons of energy from 1
eV to 13.6 eV that have dominant RATs for interstellar
grains.
Using the relationship of urad =
∫
uλdλ =
∫
uEdE, we
get uλ = hcuE/(λ
2eV ). The bolometric energy density
of the unobscured AGN is then:
urad =
∫ λmax
λmin
uλdλ, (3)
where λmin ≈ 0.1µm and λmax ≈ 1.24µm correspond to
E = 1 eV and 13.6 eV, respectively.
The strength of the radiation field is defined as U =
urad/uISRF, where uISRF = 8.64× 10−13 erg cm−3 is the
energy density of the average interstellar radiation field
(ISRF) in the solar neighborhood (Mathis et al. 1983).
The mean wavelength of the AGN radiation field is
given by:
λ¯ =
∫ λmax
λmin
λuλdλ∫ λmax
λmin
uλdλ
, (4)
yielding λ¯ = 0.37µm with the usage of uλ.
2.2. The RATD mechanism
An irregular dust grain exposed to an anisotropic radi-
ation field experiences radiative torques due to differen-
tial scattering and absorption of left-handed and right-
handed photons (Draine & Weingartner 1996, Lazarian
& Hoang 2007). In an intense radiation field, the grain
can be spun up to extremely fast rotation so that it
is disrupted into small fragments when the centrifugal
stress exceeds the maximum tensile strength of the grain
material (Hoang et al. 2019b). This mechanism is named
RAdiative Torque Disruption mechanism (RATD, see
Hoang et al. 2019b for details). Here, we briefly sum-
marize the main formulae for reference.
Let a be the effective size of an irregular grain, which
is defined as the radius of an equivalent spherical grain
with the same volume as the irregular grain. The an-
gular velocity of the irregular grain spun-up by RATs
is obtained by solving the equation of motion (Hoang
et al. 2019b):
Idω
dt
= ΓRAT − Iω
τdamp
, (5)
where I = 8piρa5/15 is the grain inertia moment with
ρ the grain mass density, τdamp is the characteristic
timescale of grain rotational damping (see Hoang et al.
2019b for details) and ΓRAT is the radiative torque aris-
ing from the interaction of the anisotropic radiation field
4of AGN with grain of size a, which equals:
ΓRAT =
∫ λmax
λmin
Γλdλ
=
∫ λmax
λmin
pia2γraduλ,0e
−τλ
(
λ
2pi
)
Qλdλ, (6)
where uλ,0 is the intrinsic energy density given by Equa-
tion (1), τλ is the optical depth and Qλ is the RAT
efficiency at wavelength λ (see Hoang et al. 2019b for
details), and γrad is the anisotropy degree of the radia-
tion field (0 ≤ γrad ≤ 1). Here, we adopt γrad = 1 for
the unidirectional radiation field of AGN.
Assuming the constant radiation field of AGN, the
grain of size a is spun-up continuously by a constant
radiative torque, ΓRAT, and achieves a maximum angu-
lar speed of ωRAT after about a damping timescale. An
analytical formula for ωRAT as follows:
ωRAT =
ΓRATτdamp
I
. (7)
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Figure 1. Grain maximum angular velocity spun-up by
RATs from the AGN radiation as a function of the grain
size for different distances d to the center of AGN. The gray
dashed lines show the critical disruption velocity for grain
with Smax = 10
8 and 109 erg cm−3. We assume an optically
thin environment with the gas density of nH = 100 cm
−3
and the gas temperature of Tgas = 100 K. The intersection
of ωRAT and ωdisr determines the disruption size.
Figure 1 shows the variation of the maximum angu-
lar speed ωRAT with the grain size from a = 0.001µm
to 10µm at different distances to the AGN, assum-
ing an optically thin environment. At the same dis-
tance, ωRAT increases with the grain size to the peak at
a ∼ 0.2 − 0.5µm then decreases for larger grains. The
reason is as follows: for grains of a ≤ 0.2µm, smaller
grains receive less energy due to smaller cross section
pia2 and smaller RAT efficiency Qλ from the considered
spectrum (see Hoang & Lazarian 2008 and Hoang &
Lazarian 2014). Thus, they are spun up to lower ωRAT
than larger grains. In opposite, grains of a ≥ 0.2µm
nearly experience the same RAT efficiency, Qλ. Thus,
larger grains will be spun-up to lower ωRAT due to larger
mass. For example, at d = 1 pc, grains of a = 0.001µm,
0.01µm and a = 0.1µm are spun up to ωRAT ∼ 3× 108
rad/s, 2 × 1010 rad/s and 2 × 1012 rad/s, respectively.
This value decreases to ωRAT ∼ 1011 rad/s for micron-
sized grains of a ≥ 1µm. Grains at distant clouds re-
ceive lower radiation flux and rotate more slowly.
The rapidly spinning grain will be disrupted into small
fragments when its centrifugal stress S = ρa2ω2/4 ex-
ceeds the maximum tensile strength of the grain mate-
rial, Smax. The value of Smax depends on the grain mate-
rial, internal structure, and perhaps the grain size, i.e.,
large grains usually have porous structure with lower
value of Smax compared with small grains with com-
pact structure. It can vary from Smax = 10
11 erg cm−3
for ideal materials, i.e., diamond (Burke & Silk 1974;
Draine & Salpeter 1979) to Smax ∼ 109 − 1010 erg cm−3
for polycrystalline bulk solid (Hoang et al. 2019b) and
Smax ∼ 106 − 108 erg cm−3 for composite grains (Hoang
2019a). In this paper, we take Smax = 10
8 erg cm−3 as
a typical value.
The critical angular speed at which rotational disrup-
tion occurs is obtained by setting S equal to Smax, which
yields:
ωdisr =
2
a
(
Smax
ρ
)1/2
. (8)
Then, the grain disruption size, i.e., adisr, at which all
larger grains are fragmented by RATD, can be calcu-
lated by setting ωdisr = ωRAT.
From Figure 1, one can see that at the same distance,
large grains are easier to be disrupted by RATD due
to its higher ωRAT and lower ωdisr. For example, at
d = 10 pc for grains with Smax = 10
8 erg cm−3, all large
grains of a ≥ 0.02µm are destroyed by RATD, while
smaller grains can survive. Grains at distant clouds are
weakly disrupted due to lower radiation energy density,
i.e., lower ωRAT. Similarly, grains with higher Smax are
more difficult to disrupt due to higher values of ωdisr
(see Equation 8).
Besides, the decrease of ωRAT with grain size for very
large grains of a ≥ 0.5µm sets an upper limit at which
all larger grains are not destroyed by RATD, which is de-
noted by adisr,max. From Figure 1 with the assumption
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Figure 2. A two-dimensional illustration of an axisymmet-
ric structure of AGN. The central engine (black circle) is
covered by a flared disc torus on the equatorial plane and
a dusty region in the polar direction. The inner region of
dust in the polar cone and torus are determined by the sub-
limation distances rsubli−polar and rsubli−torus, where grains
start to be not sublimated. To study the effect of RATD on
the surrounding environment, we divide the polar cone and
torus into different cells of the same thickness, dcell (dashed
donut shape). The distance of each cell toward the center of
AGN is denoted by r, and Θ is the observed angle.
of optically thin environment, one can see that micron-
sized grains only can survive in the presence of RATD if
the radiation field is strongly attenuated, i.e., high dust
reddening effect (see Hoang et al. 2020 for an explana-
tion).
3. A PHYSICAL MODEL OF AGN
Figure 2 shows a schematic illustration of the AGN
structure. The central engine includes a supermassive
black hole and an accretion disk (black circle), which is
covered by a flared disc torus on the equatorial plane
and a dusty region in the polar direction. The closest
distances of dust in the polar cone and torus toward the
center of AGN are determined by sublimation distances
rsubli−polar and rsubli−torus, respectively. Thus, grains
can survive in the intense radiation field of AGN beyond
the sublimation zones.
3.1. Polar cone
Mid-infrared (MIR) interferometric observations with
high spatial resolution reveal a dusty region of ∼ 100 pc
scales in the polar direction of AGN (Hnig et al. 2012
Ho¨nig et al. 2013, Lo´pez-Gonzaga et al. 2016). Sev-
eral studies suggest that polar dust grains arise from
the strong radiation pressure from the central engine of
AGN.
Dust grains close to the AGN are heated to sublima-
tion temperatures and quickly evaporate. The radius
at which the grain temperature equals the sublimation
threshold is called sublimation distance. Its exact value
depends on the grain size and composition (see e.g., Laor
& Draine 1993). In general, small grains are destroyed at
larger distances due to its low heat capacity, and silicate
grains are destroyed more efficiently than carbonaceous
grains due to its lower sublimation temperature. In our
calculations, in the polar cone, we take rsubli−polar = 2
pc for both silicate and carbonaceous grains at which
grains of a ≥ 0.05µm are not sublimated (see Figure 8
in Laor & Draine 1993).
The gas number density of the polar region is de-
scribed by a power law (Laor & Draine 1993):
nH(r) = n
0
H
(
r
rsubli−polar
)γpolar
, (9)
where n0H is the gas density at r = rsubli−polar, and γpolar
is the power-law index of the distribution. The latter
varies from γpolar = 0 (corresponding to a uniform dis-
tribution) to γpolar = −2 ( Lyu & Rieke 2018).
The AGN radiation field strongly ionizes gas in the po-
lar cone up to parsecs. The gas temperature is then de-
termined by the balance between photoelectric heating
and radiative cooling, which follows (Yu. Sazonov et al.
2004, Sazonov et al. 2005, Weingartner et al. 2006):
Tgas =
{
104 K if Uion ≤ 104 K
5× 103U K if 4 ≤ Uion ≤ 2× 103
}
, (10)
where Uion = nγ(≥ 13.6 eV)/nH is the ionization param-
eter determined by the ratio of ionized photon density
nγ(≥ 13.6 eV) (see Equation 2) to the gas density nH
(Laor & Draine 1993, Weingartner et al. 2006).
3.2. Dusty torus
Based on the unified model of AGN (Antonucci 1993,
Urry & Padovani 1995), dust grains in the dense torus
strongly extinct UV-optical radiation from the accretion
disk then re-emit in IR. Therefore, the detailed knowl-
edge of the structure, dust properties (size and compo-
sition), as well as the dynamic of the torus are neces-
sary to interpret the observed spectral energy distribu-
tion of AGN. Observational data and theoretical mod-
elling of the IR spectrum suggest that torus can have
a smooth distribution (Efstathiou & Rowan-Robinson
1995) or have a clumpy structure (Krolik & Begelman
1988, Ho¨nig & Kishimoto 2010). In the paper, we as-
sume the smooth distribution for the torus (Efstathiou
& Rowan-Robinson 1995, Manske et al. 1998, Fritz et al.
2006).
In a spherical coordinate system (r,Θ, φ = 0◦), the
gas number density in the xOz plane (see Figure 2) can
be described by (Fritz et al. 2006):
nH(r,Θ) = n
0
H
(
r
rsubli−torus
)γtorus
eβ cos(Θ), (11)
6where γtorus and β is the power-law index of the gas
density profile along the radial direction r and polar di-
rection, i.e., the observed angle Θ, and n0H is the gas
density at the sublimation distance of r = rsubli−torus =
0.9
√
(Lbol,46) (Ho¨nig & Kishimoto 2010). The gas tem-
perature distribution in the torus is calculated as same
as the description in the polar cone (see Equation 10).
4. RADIATIVE TRANSFER MODELLING
4.1. Grain model
Light from the accretion disk of AGN will be extinct
due to scattering and absorption by surrounding dust
grains. To calculate dust extinction, we adopt a pop-
ular ISM mixed-dust model consisting of astronomical
silicate and carbonaceous grains (see Li & Draine 2001,
Weingartner & Draine 2001, Draine & Li 2007). We as-
sume that original dust grains in AGN follow a standard
power-law size distribution (Mathis et al. 1977):
dn
da
j
= CjnHa
−3.5, (12)
where Cj is the normalization constant of component j,
which is determined by the dust-to-gas mass ratio η:
η =
4pi
3mH
(a0.5max − a0.5min)
0.5
∑
j=sil,carb
Cjρj, (13)
where ρj is the mass density of component j, we take
ρsil = 3.5 g cm
−3, ρcarb = 2.2 g cm−3 and Csil/Ccarb =
1.12 (Draine & Lee 1984, Laor & Draine 1993). Without
RATD, we consider the range of grains from amin =
3.5 A˚ to amax = 10µm. In this paper, we assume the
typical dust-to-gas mass ratio in our galaxy of η = 0.01.
The value of the normalization constant of silicate and
carbonaceous grains are Csil = 1.16 × 10−26 cm2.5 and
Ccarb = 1.036× 10−26 cm2.5, respectively.
4.2. Effect of dust reddening in the presence of RATD
The spectral energy density of AGN radiation prop-
agating through a dusty cloud of thickness d is given
by:
uλ = uλ,0e
−τλ , (14)
where uλ,0 is the intrinsic energy density given by Equa-
tion (1) and τλ is the optical depth induced by grains in
the cloud.
In the absence of RATD, light will be extinct by all
grains in the range amin− amax. When RATD happens,
grains of size a ∼ adisr − adisr,max will be fragmented
into smaller sizes. As a result, light is now extinguished
by two separate grain populations. The first one of sizes
a ∼ amin−adisr follows a new size distribution due to the
enhancement of small grains via RATD, and the second
one of sizes a ∼ adisr,max − amax follows the original
MRN distribution.
The optical depth at wavelength λ induced by grains
in a cloud of thickness d in units of magnitude is then
calculated as (Hoang et al. 2013):
τλ(d) =
∑
j=sil,carb
∫ d
0
∫
Cjext(a)
dnj
da
(r)dadr
=
∑
j=sil,carb
∫ d
0
(∫ adisr(r)
amin
Cjext(a)a
α(r)da
+
∫ amax
adisr,max(r)
Cjext(a)a
−3.5da
)
CjnH(r)dr, (15)
where adisr(r), adisr,max(r) and nH(r) is the grain dis-
ruption size, the maximum grain disruption size and the
gas density at distance r. Cext is the extinction cross-
section of grains of size a. Cext is taken from Hoang
et al. (2013) for sub-micron grains and calculated from
DDSCAT (Draine et al. 1994) for micron grains, as-
suming an oblate spheroidal shape with axial ratio of
2. Above, α(r) is the new slope of the grain size distri-
bution from amin to adisr(r), which can be found from
the conservation of dust mass (see Giang et al. 2020 for
details):
a0.5disr,max − a0.5min
0.5
=
a4+αdisr − a4+αmin
4 + α
. (16)
The normalization constant Csil and Ccarb for silicate
and carbonaceous grains shown in Equation (13) are as-
sumed to be a constant.
To numerically model the dust reddening effect in
AGN environments, we divide the smooth dusty polar
cone and torus (see Section 3) into a number of cells of
the same thickness of dcell = 0.05 pc (see the dashed
donut shape in Figure 2). We assume that, in a cell
of order i, grains are disrupted from adisr,i to adisr,max,i
and produce an optical depth of ∆τλ,i. The total optical
depth produced by dust in the cloud of thickness d (i.e.
Equation (15)) is then obtained as follows:
τλ,n =
n∑
i=1
∆τλ,i, (17)
where i = 1 denotes the first cell at the sublimation
distance, and i = n denotes the last cell at distance d.
The bolometric energy density, urad, in the presence of
dust reddening is obtained by Equation (14), and used
to model the effects of RATD.
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Figure 3. Variation of the radiation field strength, U (upper
part) and the grain disruption size, adisr (color solid lines),
and maximum grain disruption size adisr,max (color dashed
lines) (lower part) with the cloud distance in the polar cone,
assuming different initial gas density n0H, γpolar = −1, and
Smax = 10
8 erg cm−3.
5. MODELLING EXTINCTION CURVES IN THE
PRESENCE OF RATD
We first find the size distribution of grains established
by RATD in the polar cone and torus for different phys-
ical properties of dust and surrounding environments.
Then, we perform the modelling of extinction curves in-
duced by above dust grains.
5.1. Grain disruption size
To model the RATD effect, we first calculate the ra-
diation field strength U as described in Section 4, then
we solve the equation of motion (Equation 5) to get the
terminal angular speed ωRAT for a range of grain size.
By comparing ωRAT with the critical angular speed ωdisr
given by Equation (8), one can determine the range of
a ∼ adisr− adisr,max at which grains are fragmented into
smaller sizes by RATD.
5.1.1. Polar cone
The upper panel of Figure 3 shows the variation of the
radiation field strength U, and the lower panel shows
the corresponding grain disruption size adisr (color solid
lines) and maximum grain disruption size adisr,max (color
dashed lines) (lower panel) within 100 pc in the po-
lar cone with different initial gas densities from n0H =
2×103 cm−3 to 104 cm−3, assuming the gas density pro-
file given by Equation (9) with γpolar = −1, and the
maximum tensile strength of Smax = 10
8 erg cm−3. In
the case that all micron-sized grains are disrupted by
RATD, adisr,max will be set to equal the maximum grain
size of amax = 10µm.
The attenuation of the radiation field of AGN with
distances shrinks the range of grains which are de-
stroyed by RATD. Specifically, the grain disruption size
adisr increases while the maximum grain disruption size
adisr,max decreases from amax = 10 µm to smaller sizes
until the distance where RATD ceases, which is indi-
cated by the vertical dashed line where adisr = adisr,max,
i.e., the active region of RATD, dRATD. For example,
with n0H = 4 × 103 cm−3, grains are destroyed in the
range of a ∼ 0.04− 10µm at ∼ 10 pc but it will reduce
to a ∼ 0.3 − 1µm at 30 pc. The disruption ceases at
d = 40 pc.
For a higher value of n0H, the radiation strength is
decreased stronger, i.e., higher dust reddening effect, re-
sulting in less efficient of RATD on grains, i.e., shorter
dRATD. For instance, with n
0
H = 10
4 cm−3, only grains
within 7.7 pc are disrupted by RATD, but this distance
increases to 11 pc, 17.5 pc and 43.5 pc if the gas density
decreases to n0H = 8 × 103, 6 × 103 and 4 × 103 cm−3,
respectively. In the case of n0H ≤ 2× 103 cm−3, all large
grains within 100 pc in the polar cone are totally dis-
rupted into smaller sizes.
The upper panel of Figure 4 shows the variation of
adisr and adisr,max with distances in the polar cone for
different values of the power-law index γpolar, assuming
n0H = 4× 103 cm−3 and Smax = 108 erg cm−3. With the
same initial gas density, the slower decrease of nH with
distances, i.e., larger γpolar, induces stronger attenuation
of AGN radiation and makes the active region of RATD
narrower. For example, dRATD reduces from ≥ 100 pc
to 43.5 pc and 13.5 pc if the γpolar increases from ≤ −1.3
to -1 and -0.5, respectively.
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Figure 4. The same as Figure 3 but for different power-law
indexes γpolar varying from γpolar = −0.5 to -1.5, assuming
n0H = 4× 103 cm−3 and Smax = 108 erg cm−3 (upper panel),
and for different values of maximum tensile strengths Smax,
assuming n0H = 4× 103 cm−3 and γpolar = −1
The lower panel of Figure 4 shows the same results
as the upper panel but for different maximum tensile
strengths, assuming n0H = 4×103 cm−3 and γpolar = −1.
For the same radiation field, grains with higher Smax
are less disrupted due to higher ωdisr (see Figure 1).
In detail, compact grains of Smax = 10
10 erg cm−3 and
Smax = 10
9 erg cm−3 are only destroyed within 11.5 pc
and 21.5 pc, while grains with Smax ≤ 108 erg cm−3 can
be disrupted up to dRATD ≥ 43.5 pc.
5.1.2. Dusty torus
Figure 5 shows the variation of the radiation field
strength U (upper panel) and the size range of grains
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Figure 5. Variation of the radiation field strength U (upper
panel) and the range of grains which are disrupted by RATD
(lower panel) with distances of d ≤ 10 pc in the equatorial
plane of the dusty torus (Θ = 90◦) for different initial gas
density n0H, assuming γtorus = −1 and Smax = 108 erg cm−3.
of a ∼ adisr − adisr,max within 10 pc on the equatorial
plane of the torus with different values of n0H, assuming
the gas density profile described by Equation (11) with
γtorus = −1, Θ = 90◦ and Smax = 108 erg cm−3. Similar
to the polar cone, the radiation field strength is atten-
uated stronger and the efficiency of RATD is weaker if
the torus is denser. For example, the disruption region
shrinks from . 4.7 pc to 1.3 pc when the density in-
creases from n0H ∼ 2× 104 cm−3 to ∼ 105 cm−3.
Figure 6 shows the variation of adisr and adisr,max with
distances for different parameters, including the power-
law index in the radial direction γtorus (first panel),
the maximum tensile strength Smax (second panel), the
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Figure 6. Same as the lower panel of Figure 5 but for different parameters, including the radial power-law index γtorus (upper
left panel), the maximum tensile strength Smax (upper right panel), the observed angle Θ (lower left panel), and the polar index
β (lower right panel). Other parameters of the medium and dust are noted in each plot.
observed angle Θ (third panel), and the power-law in-
dex in the polar direction β (forth panel) (from left to
right, from upper to lower, respective). Similar to po-
lar grains (see Figure 4), torus grains will be destroyed
by RATD stronger if the incoming radiation of AGN is
less attenuated by intervening dust. For example, with
n0H = 2× 104 cm−3 on the equatorial plane (first panel),
grains are destroyed within dRATD = 4.7 pc if density
drops with γtorus = −1, but this distance will increase to
8.95 pc and > 10 pc for steeper slopes of γtorus = −1.3
and -1.5, respectively.
For the same density, grains with lower Smax are easier
to be fragmented to smaller sizes, extending the active
region of RATD (second panel). For instance, dRATD
expands from dRATD = 2.25 pc to 7.75 pc if Smax de-
creases from 1010 erg cm−3 to 107 erg cm−3. In addi-
tion, by changing the observed angle from the equatorial
plane, i.e., Θ = 90o, to near polar direction view, i.e.,
Θ = 30o, (third panel), grains can be significantly re-
moved to larger distances due to the quick drop of the
gas density above the equatorial plane. Moreover, de-
creasing the power-law index β in the polar direction
also extends the active region of RATD (forth panel).
5.2. Extinction Curves
Now, we use the new grain size distribution modified
by RATD to model extinction curves of AGN. To ac-
count for the fact that AGN may have a clumpy struc-
ture, we will model both the extinction curve for a dusty
cell at different distances and the final curve produced
by all dust grains.
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Figure 7. Normalized extinction curve, ∆A(λ)/NH, caused by grains in a thin cell located at different distances for Smax =
107 erg cm−3 (left panel) and Smax = 108 erg cm−3 (right panel). UV extinction is larger and optical-NIR extinction is lower for
shorter distances due to stronger disruption of large grains by RATD.
The dust extinction at wavelength λ induced by grains
from the sublimation distance to the cell of order n,
A(λ, n), in units of magnitude is given by:
A(λ, n) =
n∑
i=1
∆A(λ, i) =
n∑
i=1
1.086∆τλ,i mag, (18)
where ∆τλ,i is the optical depth produced by the cell of
order i.
5.2.1. Polar region
The left panel of Figure 7 shows the extinction per
H, ∆A(λ)/NH, due to polar grains in a cell at differ-
ent distances from d = 90 to 2 pc, assuming Smax =
107 erg cm−3. Here, we assume that the cell is thin such
that the grain disruption size does not change substan-
tially in the cell. At distance of 90 pc, RATD is inef-
ficient, and the extinction curve (red solid line) is pro-
duced by original dust grains that follow the MRN size
distribution. As the distance decreases from d = 90 pc
to d = 2 pc, the efficiency of RATD increases due to the
increase of radiation flux. As a result, the NIR extinc-
tion significantly decreases due to the strong removal
of large grains (see the lower panel of Figure 4). Opti-
cal extinction first increases when sub-micron grains are
enhanced, i.e., the curve at d = 70 pc and 50 pc, then
decreases when they are destroyed via RATD, i.e., the
curve at d = 30 pc to d = 2 pc. In contrast, FUV ex-
tinction increases rapidly. As a result, the slope of the
extinction curve from NIR to NUV becomes steeper if
the cell of grains locates closer to AGN. Note that the
extinction at 10µm induced by small silicate grains is
stronger due to the enhancement of small grains, while
it is weaker at larger distances of d ≥ 70 pc due to the
presence of micron-sized grains.
The right panel of Figure 7 shows similar results as
the left one, but for grains with Smax = 10
8 erg cm−3.
The extinction curve will be steeper in the active region
of RATD. However, the curve induced by grains with
Smax = 10
8 erg cm−3 only shows a significant rise from
NIR to NUV range within 8 pc. Further than that, the
curve becomes flatter due to the presence of large grains
and ceases to change when grains are not effected by
RATD (see the curves for d = 90, 70 and 50 pc). In
contrast, grains with Smax = 10
7 erg cm−3 produce the
steep far-UV rise extinction curve up to ∼ 50 pc because
of a larger active region of RATD, i.e., dRATD = 99.5
pc. Moreover, the high extinction at 10µm for Smax =
108 erg cm−3 only happens within d < 30 pc, which is
smaller than d < 70 pc in the left panel.
The left panel of Figure 8 shows the final extinc-
tion curves due to polar grains in 100 pc for differ-
ent values of Smax, assuming n
0
H = 4 × 103 cm−3 and
γpolar = −1. The extinction curve for high tensile
strength of Smax = 10
10 erg cm−3 exhibits a prominent
rise from NIR to NUV. This slope is created by the de-
crease in the optical-NIR extinction and the increase in
the UV extinction due to the disruption of large grains
within dRATD = 11.5 pc (see the lower panel of Figure
4 and Figure 7). Grains with Smax ≤ 1010 erg cm−3 ex-
tinct UV range stronger but optical-NIR weaker. As a
result, the slope of the NIR-NUV extinction curve will
become steeper. In addition, grains with lower Smax ex-
tinct 10µm stronger due to higher abundance of small
silicate grains by RATD.
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Figure 8. Final extinction curves caused by polar dust within 100 pc for different values of Smax, assuming nH = 4× 103 cm−3
and γpolar = −1 (left panel), and for different values of n0H, assuming γpolar = −1 and Smax = 108 erg cm−3 (right panel).
The right panel of Figure 8 shows similar results as the
left one, but for different values of the initial gas den-
sity, assuming γpolar = −1 and Smax = 108 erg cm−3.
For a given Smax, grains in lower density environments
produce a clear far-UV rise in the extinction curve and
a strong 10µm extinction feature due to the strong con-
version of large grains to smaller sizes in a larger distance
via RATD. However, its magnitude is smaller than ones
produced in higher density environments because of the
increase of A(λ) with nH (see Equations 18 and 15).
5.2.2. The torus
Figure 9 shows the final extinction curves produced
by grains within 10 pc in the torus with different val-
ues of n0H, assuming γtorus = −1, β = −2 and Smax =
108 erg cm−3, and with different observed angles Θ from
90◦ (upper panel) to 60◦ (center panel) and 45◦ (lower
panel). The same trend as extinction curves in the po-
lar cone, the slope from NIR to NUV extinction for a
smaller density is steeper, and the extinction at 10µm is
larger due to higher efficiency of RATD, but the magni-
tude of the curve is smaller. By changing the observed
angle to near-polar direction, the steepness of the ex-
tinction curves in all considered density environments
increases, and 10µm is extinct stronger. However, its
magnitude decreases to smaller values due to the fast
reduction of nH above the equatorial plane.
Figure 10 shows similar results as Figure 9, but for
different values of Smax, assuming n
0
H = 4 × 104 cm−3.
As Smax decreases, the UV extinction increases while
optical-NIR extinction decreases, resulting in the in-
crease of the steepness of the curve in the considered
range. The steep far-UV rise extinction curve will be-
come clearer and the extinction at 10µm is stronger if
one observes AGN at higher altitudes, i.e., smaller Θ.
In conclusion, one can see that with all observed an-
gles and different physical properties of dust and the
medium, the extinction curves induced by grains in AGN
environment under the effect of RATD always show a
steep rise from the NIR to NUV range due to conver-
sion of large grains to smaller ones. Even if RATD can
only destroy grains near the center of AGN, the extinc-
tion curves induced by these nearby grains still exhibit
a steeper slope than the case without RATD. In addi-
tion, the extinction at 10µm becomes larger when small
grains are strongly enhanced by RATD in larger dis-
tances.
5.3. Total-to-selective extinction ratio, RV
Using the dust extinction A(λ) obtained in Section
5.2, we can calculate the total-to-selective visual extinc-
tion ratio, RV = AV/E(B − V ), where E(B − V ) =
AB − AV with AB and AV being the extinction at blue
and visible wavelength of λ = 0.45µm and 0.55µm, re-
spectively.
5.3.1. Polar cone
The upper panel of Figure 11 shows the variation of
RV,cell induced by grains in a cell of thickness dcell =
0.05 pc, located at various distances d from 2 - 100 pc
in the polar cone, assuming different values of n0H and
Smax = 10
8 erg cm−3. At large distances d, the disrup-
tion does not occur and RV,cell is flat at RV,cell ∼ 6.
Note that the value RV,cell can exceed the typical value
of 3.1 in the standard ISM because very large grains of
a > 1µm are assumed to exist here. The value of RV,cell
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Figure 9. Final extinction curves due to grains within 10
pc in the torus for different values of nH, assuming Smax =
108 erg cm−3, γtorus = −1 and β = −2. From top to bottom,
the observed angle changes from Θ = 90◦ (i.e., the equatorial
plane) to Θ = 60◦ and 45◦, respectively
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Smax, assuming n
0
H = 4×104 cm−3,, γtorus = −1 and β = −2.
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Figure 11. Upper panel: variation of the total-to-selective
visual extinction ratio, RV,cell, induced by dust grains in the
cell of thickness dcell located at distance d, assuming different
values of n0H, Smax = 10
8 erg cm−3, and γpolar = −1. Lower
panel: similar to the upper panel, but for different values of
Smax, assuming n
0
H = 4 × 103 cm−3 and γpolar = −1. RV
decreases rapidly with decreasing d as a result of RATD.
decreases continuously from RV,cell = 6 to ∼ 1 with de-
creasing distances due to increasing disruption of grains
by RATD. At the same distance, the value of RV,cell
is larger for higher gas density due to weaker efficiency
of RATD. For example, RV,cell induced by grains in a
cell at d = 10 pc will be ∼ 1 for n0H = 4 × 103 cm−3,
it increases to RV,cell ∼ 2 and 6 for higher density of
n0H = 6× 103 and ≥ 8× 103 cm−3, respectively.
The lower panel of Figure 11 shows the similar results
to the upper panel, but for different values of Smax, as-
suming n0H = 4 × 103 cm−3. The value of RV,cell for
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Figure 12. Variation of RV induced by all grains contained
in the region from the sublimation distance to d in the polar
cone for different values of n0H (upper panel) and Smax (lower
panel). Low values of RV < 3.1 are seen, and it decreases
with decreasing d as a result of RATD.
lower Smax starts to decline earlier than that for higher
Smax due to more efficient RATD.
The upper panel of Figure 12 shows the value of RV in-
duced by all dust grains contained in the region between
the sublimation distance and d, assuming different val-
ues of n0H and Smax = 10
8 erg cm−3. At large distance of
d ∼ 100 pc, one still has RV < 2.75, much smaller than
the standard value of the Galaxy. The reason is that the
total extinction curves always show a significant reduc-
tion of A(λ) in optical-NIR due to the strong removal
of large grains in denser regions near the center of AGN
that dominantly contributes to the net extinction (see
Figures 7 and 8). Thus, the value of visual extinction
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in this case is always smaller than AV,cell induced by a
cell at the same distance, resulting in a smaller value of
RV. The value of RV decreases with decreasing d, but
at a much smaller rate compared to the upper panel of
Figure 11.
For the same cloud radius from dsubli−polar to distance
d, the denser environment produces a higher value of
RV due to lower efficiency of RATD. For instance, at
100 pc, one see the increase from RV ∼ 1.25 for n0H =
2 × 103 cm−3 to 2 and ∼ 2.6 for n0H = 6 × 103 and
104 cm−3, respectively.
The lower panel of Figure 12 shows the variation of
RV with distances d for different values of Smax, assum-
ing n0H = 4 × 103 cm−3. In general, RV decreases with
decreasing distance d and shows smaller values for lower
Smax due to higher efficient RATD. For example, at 100
pc, RV due to grains from the sublimation distance in-
creases from ∼ 1.75, 2.1 and ∼ 2.5 for Smax = 108, 109
and 1010 erg cm−3, respectively.
5.3.2. The torus
Figure 13 shows the similar results to Figure 12 but
for grains in the equatorial plane in the torus, assum-
ing Smax = 10
8 erg cm−3 (upper panel) and n0H = 4 ×
104 cm−3 (lower panel). One can see the similar trend,
with RV decreases with decreasing distances to the cen-
ter of AGN due to RATD. At the same distance d, RV
is smaller for lower density (upper panel) or lower Smax
(lower panel) due to more efficient RATD. For instance,
at 10 pc, one get RV ∼ 2.5 for n0H = 4 × 104 cm−3 and
Smax = 10
8 erg cm−3, this value decreases to RV ∼ 1.6
if the gas density decreases to n0H = 2 × 104 cm−3 (up-
per panel) and RV ∼ 2 if the maximum tensile strength
decreases to Smax = 10
7 erg cm−3 (lower panel).
6. MODELLING POLARIZATION CURVES
In this section, we perform the model of the polariza-
tion curves induced by aligned grains. We first briefly
describe the alignment mechanism in Section 6.1, then
find the size range of grains that are aligned by RATs
in the polar cone and torus in Section 6.2. We calculate
the resulting polarization curves in Section 6.3 and show
the variation of the peak wavelength with distances in
Section 6.4.
6.1. Radiative Torque Alignment mechanism
Following the unified theory of grain alignment
(Hoang & Lazarian 2016), a dust grain is stably aligned
with the ambient magnetic field when it can be spun-up
by RATs to suprathermal rotation (see Andersson et al.
2015 and Lazarian et al. 2015 for recent reviews). The
suprathermal grain rotation also allows efficient internal
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Figure 13. Same as Figure 12 but for grains in the equato-
rial plane of the torus.
alignment of the grain’s axis of maximum moment of
inertia with its angular momentum (Purcell & Purcell
1979).
The condition for efficient grain alignment is as follows
(Hoang & Lazarian 2008):
ωRAT ≥ 3ωT , (19)
where ωT is the thermal angular velocity of dust grain
of size a at gas temperature Tgas:
ωT =
√
2kTgas
I
(20)
' 2.3× 105ρˆ−1/2a−5/2−5
(
Tgas
100 K
)1/2
rad/s,
where k is the Boltzmann constant. One can see that
with the same gas temperature, small grains are hard to
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Figure 14. Upper panel: grain alignment size in the polar
cone with different values of initial gas density n0H, assuming
γpolar = −1 and Smax = 108 erg cm−3. Lower panel: the
same but for different values of Smax, assuming n
0
H = 4 ×
103 cm−3 and γpolar = −1.
be aligned via RATs than larger grains due to its higher
suprathermal threshold. Higher gas temperature also
makes the alignment process become more difficult.
Following Equation (19), the grain size that satisfies
ωRAT = 3ωT is defined as the alignment size, labeled
by aalign, at which all grain size above will be efficiently
aligned via RATs. However, the decrease of ωRAT for
large grains of size a ≥ 0.5 µm (see Figure 1) may pre-
vent them being aligned in the intense radiation of AGN,
that sets the upper limit of the range of aligned grains,
i.e., aalign,max.
6.2. Grain alignment size
The same as the way we get the grain disruption size in
Section 5.1, we first solve the equation of motion given
by Equation (5) to get the value of ωRAT for a whole
grain size. Then by comparing ωRAT with the alignment
condition given by Equation (19), one can determine the
range of grains of aalign−aalign,max which are aligned by
RATs.
6.2.1. Polar cone
The upper panel of Figure 14 shows the variation of
the range of aligned grains of a ∼ aalign− aalign,max as a
function of distance in the polar cone, assuming differ-
ent values of n0H, γpolar = −1, and Smax = 108 erg cm−3.
In general, the range of aligned grains decreases with
increasing distances due to the attenuation of the ra-
diation field strength U . The alignment process will
stop when RATs can not align any grain size, which is
marked at a distance where aalign = aalign,max = 10µm.
The alignment distance decreases for higher gas den-
sity environment due to stronger dust reddening effect.
For example, this distance decreases from ≥ 100 pc to
∼ 40 pc and 20 pc if the gas density increases from
n0H ≤ 6 × 103 cm−3 to n0H = 8 × 103 and 104 cm−3, re-
spectively.
The lower panel of Figure 14 shows the same as the
upper panel but for different values of Smax, assuming
n0H = 4×103 cm−3 and γpolar = −1. In the same density
environment, the range of aligned grains decreases with
increasing distances, but at slightly slower rate for grains
with lower Smax. This feature arises from the decrease
of the dust reddening effect due to the stronger removal
of grains by RATD (see the lower panel of Figure 4).
However, the effect of Smax on aalign is not significant
because the alignment condition does not depend on the
strength of material.
6.2.2. The torus
Figure 15 shows the variation of the alignment size
with distances in the torus with different parameters, in-
cluding the gas density n0H (upper panel), the maximum
tensile strength Smax (center panel), and the observed
angle Θ (lower panel). Similar to grain alignment in the
polar cone, small grains can be aligned by RATs in larger
distances if the torus has lower gas density, grains have
lower maximum tensile strength, and one observes AGN
near the polar direction. For example, from the upper
panel, for torus grains with Smax = 10
8 erg cm−3 in the
equatorial plane, the alignment distance can increase up
to d ≥ 10 pc for lower density of n0H ≤ 2 × 104 cm−3,
but decrease to ∼ 1.8 pc if n0H increases to 105 cm−3. Or
with same n0H = 4 × 104 cm−3, the alignment distance
can expand significantly from d ≤ 4 pc in the equatorial
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Figure 15. Similar to Figure 14 but for torus grains.
plane to ≥ 10 pc in the direction created with the polar
axis the angle of Θ ≥ 75◦ (lower panel).
6.3. Polarization Curves
Incoming radiation of AGN can be polarized by scat-
tering with aligned dust grains in the surrounding envi-
ronment. In Section 6.2, we show that small grains in
the polar cone and the torus can be aligned in a strong
radiation field of AGN via RATs mechanism. Here, we
assume that only silicate grains can be aligned by RATs
while carbonaceous grains have random orientations (see
Chiar et al. 2006 and Hoang & Lazarian 2016 for a the-
oretical explanation). Then, the polarization degree of
starlight in units of % after moving through a cloud of
thickness d is given by (Hoang 2017):
P (λ)(d) = 100
∫ d
0
∫
Cjpol(a)f(a) cos
2 ζ
dnj
da
(r)dadr
= 100
∫ d
0
(∫ adisr(r)
aalign(r)
Cjpol(a)f(a)a
α(r)da (21)
+
∫ amax
adisr,max(r)
Cjpol(a)f(a)a
−3.5da
)
×Cj cos2 ζnH(r)dr, (22)
where Cpol is the polarization cross section taken from
Hoang et al. (2013) for grains of a ≤ 0.5µm and calcu-
lated by DDSCAT for micron-size grains, ζ is the angle
between the magnetic field line and the plane of sky (see
Hoang 2017). We consider the poloidal geometry for the
magnetic field in the polar cone and toroidal geometry
in the torus (Aitken et al. 2002), such as ζ = 90◦−Θ and
ζ = Θ, respectively. f(a) is the effective degree of grain
alignment for silicate grains of size a, which is (Hoang
2017):
f(a) = 1− exp
[
−
(
0.5a
aalign
)3]
. (23)
In Section 6.2, one can see that outside the alignment
distance, all silicate grains are not aligned by RATs due
to the weak radiation field strength. Thus, silicate grains
at these distances are randomly orientated and do not
induce the polarized radiation of AGN.
6.3.1. Polar cone
The left panel of Figure 16 shows the normalized po-
larization per H, P (λ)/NH, created by aligned polar
grains in a cell at different distances from d = 70 pc
to 8 pc, assuming n0H = 4 × 103 cm−3 and Smax =
108 erg cm−3. In a cell at d = 70 pc, NIR radiation of
AGN are strongly polarized because only micron-sized
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Figure 16. Normalized polarization curve, P (λ)/NH, induced by aligned grains in the polar cone in a thin cell located at
different distances for Smax = 10
8 erg cm−3 (left panel) and Smax = 109 erg cm−3 (right panel), assuming n0H = 4 × 103 cm−3
and γpolar = −1.
grains are aligned via RATs at this distance. Mov-
ing closer to the center of AGN, the effect of RATs
and RATD increase, i.e., dRATD ≤ 43.5 pc (see the
lower panel of Figure 4). Thus, NIR polarization de-
gree drops quickly to smaller values due to the removal
of large aligned grains. Optical polarization degree first
increases, i.e., the curves at d = 40 pc, 30 pc, 23 pc,
due to the enhancement of aligned sub-micron grains by
RATs and RATD, then decreases later, i.e., the curves
at 15 pc and 8 pc, when this grain size is removed. In
opposite, FUV wavelength is significantly polarized with
decreasing distances. As a result, the peak of the polar-
ization curve will shift continuously from NIR to optical
then NUV range. Besides, the width of the curve is
narrower, resulting in a steep rise from NIR to shorter
wavelength. The polarization degree at 10µm is also
smaller at shorter distances due to the removal of large
grains by RATD.
The right panel of Figure 16 shows the similar re-
sults, but for grains with Smax = 10
9 erg cm−3. The
same as the left panel, the polarization curve induced
by aligned grains in the active region of RATD will be-
come narrower and peak at shorter wavelength in opti-
cal then NUV wavelength with decreasing distances to
AGN. However, these features are only created in d < 20
pc, smaller than d < 40 pc seen in the left panel. Further
than that, the curve becomes broader due to the cease
of RATD, i.e., dRATD = 21.5 pc, and the decrease of
the alignment efficiency (see the lower panel of Figures
4 and 14).
Figure 17 shows the polarization curves induced by
polar aligned grains within 100 pc with different values
of Smax, assuming n
0
H = 4× 103 cm−3, γpolar = −1, the
poloidal geometry of the magnetic field and the observed
angle of Θ = 15◦ (upper panel) and 30◦ (lower panel).
For higher Smax = 10
10 erg cm−3, the polarization curve
peaks at short wavelength of λmax ∼ 0.2µm. This value
is created by the significant increase in UV polarization
degree by RATs and RATD near the center of AGN
(see Figure 16). By decreasing the maximum tensile
strength, NIR radiation is less polarized and the degree
of the polarization curves decreases due to the strong
removal of large grains by RATD (see the lower panel of
Figure 4).
Then, by changing the observed angle from Θ = 15◦
to 30◦, the curvature of the polarization curves in the
considered cases does not change because the polar gas
density only depends on the distance to the center of
AGN. Instead, the degree of polarization increases to
higher values, i.e., ∼ 4 times, because of the decrease of
the angle between the magnetic field line and the plane
of sky ζ, i.e., ζ = 90◦ −Θ.
Figure 18 shows the variation of the final polariza-
tion curves within 100 pc with different values of n0H,
assuming Smax = 10
8 erg cm−3. Similar to Figure 17,
the curves in all considered density environments in the
presence of RATD peak at λmax ∼ 0.2µm. By decreas-
ing the gas density, the rise from NIR to the peak wave-
length will be steeper and the degree of polarization is
smaller because of a stronger effect of RATD on grains.
However, the curves for n0H ≥ 4 × 103 cm−3 are overlap
together. It arises from the higher efficiency of RATs
for lower density, such that AGN radiation can be po-
larized in larger distances and equal the value of P (λ)
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Figure 17. Polarization curves induced by aligned grains
within 100 pc in the polar cone with different values of Smax,
assuming n0H = 4 × 103 cm−3, γpolar = −1, the poloidal
geometry of the magnetic field, and the observed angle of
Θ = 15◦ (upper panel) and 30◦ (lower panel).
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Figure 18. Similar to Figure 17 but for different values of
n0H, assuming Smax = 10
8 erg cm−3.
in higher nH (see the upper panel of Figure 14). Be-
sides, the curvature of the curves do not change but the
degree of polarization increases with increasing the ob-
served angle from Θ = 15◦ to 30◦ (lower panel).
6.3.2. The torus
Figure 19 shows the variation of the final polariza-
tion curves within 10 pc in the torus with different val-
ues of n0H, assuming Smax = 10
8 erg cm−3, γtorus = −1
and β = −2. From top to bottom, the observed angle
changes from Θ = 75◦ to Θ = 60◦ and 45◦. Similar
to the polar cone, the curves for lower density torus
are featured by a narrow width with a clear rise from
NIR to λmax ≤ 0.4µm and a low degree of polarization.
By changing the observed angle Θ to the near polar di-
rection, all considered curves will become narrower and
the steepness in NIR-λmax is higher because of stronger
effect of RATs ad RATD in this region (see the third
panel of Figures 6 and lower panel of Figure 15). The
degree of polarization will increase with decreasing Θ
due to the reduction of angle ζ between the magnetic
field line and the plane of sky, i.e., ζ = Θ (see Equa-
tion 22). However, this value may be decreased due to
the reduction of the range of aligned grains. The curves
for lower initial gas density change its curvature with
decreasing Θ faster because of stronger efficient RATD.
For example, the curves for n0H ≤ 2 × 104 cm−3 show
a steep far-UV rise polarization from Θ = 75◦, while
it starts from Θ = 60◦ and 45◦ for the curves induced
in higher density of n0H = 4 × 104 and 6 × 104 cm−3,
respectively.
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Figure 19. Final extinction curves due to grains within
10 pc in the torus with different values of nH, assuming
Smax = 10
8 erg cm−3. From top to bottom, the observed
angle changes from Θ = 90◦ (i.e., the equatorial plane) to
Θ = 60◦ and 45◦, respectively
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Figure 20. Same as Figure 9 but for different values of
Smax, assuming n
0
H = 4×104 cm−3 and γtorus = −1, β = −2.
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Figure 20 shows the similar results, but for different
values of Smax, assuming n
0
H = 4 × 104 cm−3. With
the same nH, by decreasing Smax, AGN radiation, es-
pecially in optical-NIR range, is less polarized due to
strong reduction of large grains by RATD in space. The
dependence of the curvature of polarization curves with
Θ is the same as Figure 19 because grains with all values
of Smax are aligned by RATs and disrupted by RATD
stronger in near polar direction.
However, in the upper panel of Figure 20, the rise
of P (λ) in optical-NUV range for lower Smax is smaller
than the case of higher Smax. It is caused by the strong
effect of RATD that removes all aligned grains with
lower Smax near the center of AGN (see the second panel
of Figure 6 and center panel of Figure 15). Thus, small
grains are weakly enhanced, and FUV radiation is less
polarized. In addition, one can see that with all cases of
n0H and Smax, the polarization at 10µm is high.
6.4. Peak wavelength
6.4.1. Polar cone
The upper panel of Figure 21 shows the variation
of the peak wavelength λmax,cell induced by grains in
a cell in the polar cone, assuming different values of
n0H, Smax = 10
8 erg cm−3, Θ = 15◦. For a given den-
sity n0H, the peak wavelength decreases with decreas-
ing distances d, from λmax,cell ∼ 6µm at d = 20 pc to
λmax,cell ∼ 0.3µm at 2 pc. The decrease of λmax with
d is caused by the enhanced alignment of small grains
by stronger radiation flux. At the same distance d, the
cloud with lower gas density n0H induces smaller λmax,cell
due to the weaker gas damping that extends the range
of aligned grains.
The lower panel of Figure 21 shows the variation of
λmax,cell with d for different values of Smax, assuming
n0H = 4×103 cm−3, Θ = 15◦. Similar to the upper panel,
the peak wavelength rapidly decreases with decreasing
the cloud distance. At the same distance d, λmax,cell is
smaller for lower tensile strength Smax, which is a result
of a stronger conversion of large grains to smaller aligned
grains via RATD (see the lower panel of Figure 14).
However, AGN radiation becomes to be polarized by
aligned dust grains with lower Smax at larger distances
compared with the case of higher Smax. This feature
can be explained by a high efficiency of RATD that will
totally remove aligned grains near the center of AGN,
i.e., adisr < aalign (see the lower panel of Figure 4 and
14).
The upper panel of Figure 22 shows the variation of
the peak wavelength induced by all polar dust grains
extending from the sublimation radius to distance d, as-
suming different values of n0H, Smax = 10
8 erg cm−3 and
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Figure 21. Variation of the peak wavelength λmax,cell in-
duced by grains in a cell from 2 pc to 100 pc in the po-
lar cone with different values of n0H, assuming Θ = 15
◦,
Smax = 10
8 erg cm−3 (upper panel), and for different values
of Smax, assuming n
0
H = 4× 103 cm−3 (lower panel).
Θ = 15◦. At large distances of d ∼ 100 pc, the peak
wavelength is λmax ∼ 0.2µm, much shorter than the
standard value of λmax = 0.55µm in the diffuse ISM.
The short peak wavelength is a result of the significant
increase in NUV polarization degree in the dense regions
near the center of AGN, that mainly contributes into
the net polarization of AGN radiation (see Figure 18).
By decreasing the cloud radius (i.e. d), the peak wave-
length shifts to shorter wavelength because the removal
of sub-micron and micron grains near the center of AGN
removes the curves that contribute into the shift of final
value of λmax to longer wavelength (see Figure 16). In
addition, the peak wavelength will decrease faster with
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Figure 22. Similar to Figure 21 but for λmax induced by
total grains extending from the sublimation distance in the
polar cone to distance d.
decreasing distances in a lower density environments due
to stronger effect of RAT alignment and disruption.
The lower panel of Figure 22 shows the similar re-
sults, but for different values of Smax, assuming n
0
H =
4 × 103 cm−3. The value of λmax is smaller for lower
Smax due to stronger efficiency of RATD. However, at
larger distances, λmax can be larger due to larger effec-
tive region of RATs (see the lower panel of Figure 14).
6.4.2. The torus
Figure 23 shows the variation of λmax induced by torus
grains from the sublimation radius with different values
of n0H, and observed angle of Θ = 75
◦ (upper panel) and
60◦ (lower panel), assuming Smax = 108 erg cm−3. Sim-
ilar to the polar cone, the peak of the curve created in
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Figure 23. Similar to Figure 22 but for grains in the torus,
assuming Smax = 10
8 erg cm−3, Θ = 75◦ (upper panel) and
60◦ (lower panel).
lower density torus shifts to shorter wavelengths faster
with decreasing distances due to the higher efficient
RATD. By changing the observed angle from the equa-
torial plane to near-polar direction, the reduction’s rate
of λmax with distances becomes slower because grains
are destroyed by RATD stronger.
7. DISCUSSION
In this section, we discuss implications of our modeling
results for photometric and polarimetric observations of
AGN.
7.1. Extinction curves with a steep far-UV rise
Photometric observations toward individual AGN fre-
quently report a ’red tail’ in their SED (Webster et al.
22
1995, Brotherton et al. 2001, Richards et al. 2002, Gregg
et al. 2002). This can be explained by several mecha-
nisms, including intrinsic reddening and external extinc-
tion by dust in the host galaxy. By analyzing the spec-
tra of 4576 quasars from the Sloan Digital Sky Survey
(SDSS), Richards et al. (2003) suggested that the intrin-
sic slope of SED of AGN is consistent with its general
spectrum, and the origin of the ’red tail’ originates from
dust extinction in its host galaxy. By fitting the ob-
servational data with different dust models, they found
that the extinction curves of 273 out of 4576 quasars
(6 %) are best described by the SMC-dust model, sug-
gesting the dominance of small grains of size a ≤ 0.1µm
in their surrounding environment. Similarly, by study-
ing 9566 quasars from SDSS and expanding to longer
wavelengths using a subset of 1866 SDSS-Two Micron
All Sky, Hopkins et al. (2004) came to the same conclu-
sion.
In Section 5.2, we show that RATD can strongly con-
vert large grains of a ≥ 0.1µm into small sizes within
a large distance from AGN. As a result, the optical-
NIR dust extinction decreases significantly, while UV
extinction increases, resulting in a steep rise toward the
far-UV, compared to the standard extinction curve of
our galaxy. This can successfully explain the ’SMC-like’
extinction curve observed toward individual AGN.
Indeed, the observed extinction curves of all individual
AGN which show the steep far-UV rise cannot be com-
pletely described by the SMC-like dust model. Instead,
its steepness varies between the Milky Way (MW),
Large Magellanic Cloud (LMC) and SMC-like extinc-
tion curve. In detail, the dust extinction of NGC 3227
studied by Crenshaw et al. (2001) starts to rise from
3500 − 4000 A˚ and increases to far-UV range stronger
than SMC-like curve. The steepness of the curve ob-
served from Ark 564 is between the SMC and MW ex-
tinction curve and it lacks of 2175 A˚ feature (Crenshaw
et al. 2002). The well-determined extinction curves of
B3 0754 +394 and Ton 951 can be described with SMC
and LMC-like dust model, respectively, but Ton 951
shows a flat in the FUV range than the value induced
by LMC-like dust. Besides, the dust reddening of Mrk
304 can be fitted with the LMC-like dust model, but
its extinction curve is not-well constrained (Gaskell &
Benker 2007). The difference of the rise from NIR to
NUV extinction is caused by the difference of the grain
size distribution around the nucleus of AGN, such as
grains inducing the observed SMC-like extinction curve
are smaller than the one of MW-like dust model.
From Figures 8, 9 and 10, we show that the rise from
NIR to NUV range will be steeper for lower Smax and
nH due to a stronger effect RATD in space. Thus, the
difference of the grain size distribution around individ-
ual AGN above can arise from the different efficiency
of RATD on grains, or in other words, different grains
structure and gas density in AGN environment. For
example, the very steep far-UV rise extinction curve ob-
served from NGC 3227 can be explained by the strong
removal of large fluffy grains in a low density environ-
ment around AGN. The LMC-like extinction curve of
Ton 951 or the intermediate slope between SMC and
MW curve of Ark 454 implies the stronger internal struc-
ture of surrounding dust grains and the denser environ-
ment of AGN.
7.2. Extinction curves without an UV 2175 A˚ bump
Both the SMC-like extinction curve and the observed
extinction curves towards individual AGN do not or
show a weak 2175 A˚ bump (Li & Draine 2001), except
the case of Mrk 304 (Gaskell & Benker 2007). The na-
ture of this bump is believed to originate from pi − pi∗
electronic transition of very small carbonaceous grains,
i.e., Polycyclic Aromatic Hydrocarbons (PAHs). Our
modeling extinction curves can not explain this feature
because very small carbonaceous grains are enhanced
via RATD instead of being destroying.
In contrast to the SMC-like extinction curve, studies
based on analysis of composite spectra quasar and some
individual AGN by Gaskell et al. (2004) and Gaskell &
Benker (2007) report a flat UV extinction, i.e., without
a 2175A˚ bump, which is known as the ’gray’ extinction
curve. This curve suggests that small grains of a ≤
0.1µm which are responsible for the extinction at UV
range must be depleted, and dust in AGN is dominated
by large grains of a > 1µm.
In order to study the curvature of the extinction curve
under the effect of RATD when smallest grains are
removed via some dust destruction mechanisms (e.g.,
sputtering or sublimation), we adopt a space-varying
minimum grain size of amin(d) created by Coulomb ex-
plosions taken from Tazaki et al. (2020):
amin(d) = Ad
αamin , (24)
where A is the constant at which the minimum grain
size at the sublimation radius is amin,subli = 0.1µm, and
αamin is the power-law index of the line.
The first panel of Figure 24 shows the variation of the
minimum grain size with different power law index of
αamin = −0.5 to -2 (black line) within 100 pc in the
polar cone. The minimum grain size decreases faster to
smaller sizes if the slope is steeper, i.e., αamin = −2,
implying that very small grains are only destroyed near
the center of AGN.
For each value of Smax, we combine different mini-
mum grain size profiles with the variation of the maxi-
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Figure 24. Variation of the grain disruption size via RATD with different values of Smax and the minimum grain size with
different slope αamin within 100 pc in the polar cone (first panel) and its corresponding final extinction curves in case of
Smax = 10
7 erg cm−3 (second panel), Smax = 109 erg cm−3 (thirst panel) and 1010 erg cm−3 (forth panel).
mum grain size constrained by RATD and calculate the
corresponding extinction curves. The results are shown
in the other panels of Figure 24. From top to bot-
tom, from left to right, the maximum tensile strength
of grains are Smax = 10
7, 109 and 1010 erg cm−3, respec-
tively. One can see that under the effect of RATD on
grains, the extinction curves still show the steep rise in
optical-NUV wavelength if small grains of a ≤ 0.05µm
can start to survive at d ≤ 10 pc and are enhanced by
RATD, i.e., the cases of αamin ≥ −0.5. The flat in UV
extinction only happens if small grains are totally de-
stroyed up to ∼ 100 pc, i.e., the case of αamin = −0.5.
The curves for higher Smax also show the same trend,
but the steepness in optical-NUV range in the case of
αamin ≤ −0.5 is smaller and the flatness in UV range
in the case of αamin = −0.5 is higher due to weaker
efficiency of RATD.
In conclusion, when the RATD effect is accounted for,
the final extinction curve will be featured with a steep
far-UV rise if small grains are only destroyed near the
center of AGN and with a flat-UV extinction if small
grains are strongly destroyed to large distances. In the
others word, the comparison between the efficiency of
RATD and the mechanisms which are responsible for
destroying very small grains in AGN environment will
decide the type of the observed extinction curve.
Among the dust destruction mechanisms that work ef-
fectively in removing small grains, Laor & Draine (1993)
showed that small grains near the center of AGN can
quickly sublimate to the gas phase up to the end of
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BLR of d ≥ 1 pc in the polar cone and d ∼ 0.9 pc
in the torus (Ho¨nig & Kishimoto 2010) due to its lower
heat capacity. Tazaki et al. (2020) studied the effect
of Coulomb explosion in the polar cone of AGN found
that small grains in highly ionized region can be charged
by an extreme UV radiation and be destroyed by this
mechanism up to ∼ 10 pc. As a result, the extinction
curves induced by grains at these distances will be flat
in UV ranges as reported in Gaskell et al. (2004) and
Gaskell & Benker (2007). However, at larger distances,
Coulomb explosion is insufficient to destroy very small
grains, thus, the final extinction curves induced by to-
tal surrounding grains still show a rise toward far-UV
wavelength (Tazaki et al. 2020). On the other hand,
Coulomb explosion works on the UV wavelengths which
can not penetrate deeply in AGN environments. There-
fore, the region where Coulomb explosion can clear out
small grains is much smaller than the region where small
grains are enhanced via RATD. As a consequence, the
’SMC-like’ extinction curve still dominates in the AGN
environments.
Besides the thermal sublimation and Coulomb explo-
sion, grains also can be destroyed via non-thermal sput-
tering mechanism and MEchanical Torque Disruption
(METD) (Hoang & Lee 2020). In the former mecha-
nism, grains are accelerated to hypersonic speeds, i.e.,
v ≥ 500 km/s, under strong radiation pressure from
AGN and are destroyed when moving into the ambi-
ent gas. The latter mechanism shares the same princi-
ple with RATD such that a spinning grain will be dis-
rupted if its centrifugal tensile exceeds the maximum
tensile strength. However, in METD, grains are spun
up by stochastic mechanical torques induced by grain-
grain collision instead of the radiative torque in RATD.
Hoang & Lee (2020) showed that for grains moving with
low speed of v ≤ 500 km/s, METD is more efficient
on destroying nano-size grains than the non-sputtering
mechanism.
Thus, we expect that very small grains are cleared
out by Coulomb explosion and the thermal sublima-
tion mechanism near the center of AGN, then the non-
thermal mechanism can dominate the removal of small
grains at larger distances. However, grains will be
slowed down when they penetrate deeply into surround-
ing environments. Thus, at the distance where the speed
of grains reduces to v ≤ 500 km/s, small grains may
continue to be destroyed via METD mechanism. A de-
tailed study of the effect of METD and other dust de-
struction mechanisms for small grains in the AGN envi-
ronment can help us to explain the long-term puzzle of
the ’flat’ and ’SMC-like dust’ extinction curve observed
from AGN.
7.3. Large grains in the polar cone in the presence of
RATD
One of the problems of the observed IR spectrum to-
ward AGN is the anomalous feature of 9.7µm emission,
which is created by the Si-O stretching mode of sili-
cate material. Several papers report the depletion of
9.7µm emission line (Ho¨nig et al. 2013, Burtscher et al.
2013) and its shift to the longer wavelength of 10µm
(Hao et al. 2005, Siebenmorgen et al. 2005, Sturm et al.
2005). These features are suggested to be due to the
dominance of micron-size silicate grains (Laor & Draine
1993) around AGN.
In Section 5.2, we show that in the presence of RATD,
10µm is less extinct if small silicate grains are only en-
hanced by RATD within small distances, i.e., the case
of compact grains, high gas density environment, and
edge-on line-of-sight. As a result, the emission at 10µm
is much weaker compared with the emission line created
by the opposite cases. Besides, beyond the active region
of RATD (for very high Smax grains), the radiation pres-
sure may be still strong enough to accelerate sub-micron
grains to hypersonic speed and makes them be destroyed
via the drift-induced sputtering mechanism (Tazaki &
Ichikawa 2020). Thus, 10µm is only extinct by micron-
sized grains and the depletion on the emission line will
become clearer. However, in the case that small grains
are strongly enhanced by RATD in larger distances and
create the strong emission at 10µm, the latter mecha-
nism cannot reduce its strength because further than
the active region of RATD, the radiation pressure is
also strongly decreased and grains can not be acceler-
ated enough to the threshold speed for being destroyed
by this mechanism.
Thus, we conclude that even if large grains are modi-
fied by the effect of RATD, the depletion of the emission
at 10µm observed in several AGN still can be created
if surrounding dust grains have compact structures, and
AGN local environment has a higher gas density. On
the other hand, in reality, grains may concentrate into
dense clumps instead of a smooth gas density distribu-
tion, so, depending of the location and the distance to
AGN and the properties of clumps, large grains may
not be destroyed via RATD. Thus, one would observe
the depletion of this mid-IR feature.
7.4. Polarimetric observations toward AGN
7.4.1. Optical-UV Polarization
Polarization curves observed from AGN over the
NUV-NIR range are featured by the rise of the polar-
ization degree from NIR to NUV range. For example,
the polarimetric data of NGC 4151 measured from the
fall of 1967 (Kruszewski 1971) reports the increase in
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the average polarization degree from 0.51± 0.15 % in R
band to 1.16± 0.19 % in U band. Three sets of data of
NGC 4151 observed by different telescopes during the
period of 1975 - 1977 (Thompson et al. 1979) and by
Crimean Astrophysical Observation from May 1997 to
May 2003 (Merkulova & Shakhovskoy 2006) also present
the increase of the polarization degree from I band to B
band then decrease at U band.
NGC 1068 studied by Kruszewski (1971) during the
period of 1967-1968 shows the clear rise in the aver-
age polarization degree from 0.71 ± 0.16 % in I band
to 5.32 ± 0.45 % in U band. In the second period of
1968-1969, the polarization degree increases slightly to
0.76± 0.12 % and 6.6± 0.57 %, respectively. PG 1338-
416, PG 1630+377 (Koratkar et al. 1995), PG 1222+228
(Impey et al. 1995) and most of the 26 high-luminosity
Seyfert 1 galaxies studied by Webb et al. (1993) show
the rise to the blue up to ∼ 10 % for first three ob-
jects and 2 ∼ 3 % for another. Most of AGN reported
in Webb et al. (1993) show the rise of the polarization
degree from NIR to the short wavelength and some of
them peak at B band, i.e., 0134 +039, PG 1114 +445,
PG 1254 +047, 0050 +124. In addition, the observed po-
larization of Mrk 3, Mrk 231, NGC 3227 and 3516 show
a strong wavelength dependence with a clear rise to the
blue (Thompson et al. 1980). The polarization curve
of NGC 3227 ad 3516 can be fitted with the Serkowski
interstellar curve (Serkowski et al. 1975), but with a
much smaller peak wavelength of λmax = 2250 A˚ and
λmax = 3400 A˚, compared with the typical value of
λmax = 0.55µm for the standard ISM.
In Section 6.3, we show that polarization curves in-
duced by aligned grains in the presence of RATD is fea-
tured by the short peak wavelength of λmax ≤ 0.4µm
and the clear rise from NIR to λmax. The rise in this
range is steeper and the peak wavelength is smaller
if the efficiency of RATs and RATD become stronger.
Therefore, we suggest that the polarization induced by
magnetically aligned dust grains by RATs in AGN en-
vironment partly contributes to the rise of P (λ) to the
blue and the peak of polarization degree at short wave-
length observed in many individual AGN listed above,
i.e., NGC 3227 and NGC 3516 (Thompson et al. 1980),
NGC 4151 (Thompson et al. 1979), PG 0050 +124, 0134
+329, PG 1114 +445, PG 1254 +047 (Webb et al. 1993).
7.4.2. Far-IR Polarization
Polarized thermal emission from aligned dust grains
provides a powerful way to map magnetic fields in AGN
and understand their dynamical effects on AGN’s ac-
tivity. Recently, MIR-FIR polarimetric observations
of galaxies and AGN are increasingly available thanks
to SOFIA/HAWC+ and ALMA (Lo´pez-Gonzaga et al.
2016).
One common property of far-IR polarization observed
toward the central region of galaxies is the decrease of
the polarization degree with increasing the emission in-
tensity as well as the column density, which is usually
described by a power law of P ∝ Iαem with a slope α (e.g.,
Lopez-Rodriguez et al. 2020a). For instance, recent ob-
servations of M82 by Jones et al. 2019 at 53 µm and
154 µm using SOFIA/HAWC+ show the slope steeper
than α ∼ −1 and ∼ −0.5, respectively. For NGC 253,
the authors find a slope of α ∼ −0.8 at 89 µm. For
M81, Jones et al. (2020) obtain a slope of α ∼ 0.57 us-
ing observations at 154 µm. Moreover, observations at
53 and 89 µm (Lopez-Rodriguez et al. 2020a for NGC
1068 reveal a slope of α . −0.5 toward the maximum
intensity. Such a decrease of the polarization degree
toward the center of AGN is usually explained by the
loss of grain alignment in the dense central region or
the depolarization effect due to magnetic fields (see e.g.,
Lopez-Rodriguez et al. 2020a; Jones et al. 2020).
However, we show in Section 6.2 that, when approach-
ing the dense central region of AGN, the efficiency of
grain alignment tends to increase due to the rapid in-
crease of the radiation flux. Therefore, the RAT align-
ment theory implies an increase of the polarization frac-
tion of thermal emission toward the AGN. In particular,
we found that large grains in the intense radiation field
of AGN can be disrupted by RATD up to ∼ 10 pc in
the torus. This RATD effect results in an decrease of
the polarization degree in optical-NIR range arising from
the dichroic absorption of aligned dust grains (see Sec-
tion 6.3). Similarly, the removal of large aligned grains
is shown to decrease the far-IR polarization degree as
numerically demonstrated in Lee et al. (2020). There-
fore, we suggest that the decrease of the polarization
with the emission intensity observed toward the central
region of galaxies (Jones et al. 2019; Lopez-Rodriguez
et al. 2020a) could be induced by the RATD effect.
7.5. Effect of grain alignment on rotational disruption
For modeling grain alignment and rotational disrup-
tion in this paper, we have assumed that sufficiently
large grains can be aligned by RATs with a high-J at-
tractor. In realistic situation, only a fraction of grains in
an ensemble can be aligned with high-J attractors, and
the large fraction of grains is driven to low-J attractor.
The existence of high-J attractor depends on the grain
shape, grain magnetic susceptibility, and the incoming
radiation field (Lazarian & Hoang 2007; Hoang & Lazar-
ian 2008). For grains with iron inclusion, the existence
of high-J attractor is universal (Lazarian & Hoang 2008,
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Hoang & Lazarian 2016). When the high-J attractor is
present, gas collisions can randomize the grain’s orien-
tation during its phase-space rotating at thermal speeds
and eventually transport grains from the low-J to high-
J attractors, establishing a stable alignment of grains
(Hoang & Lazarian 2008; Hoang & Lazarian 2016). Our
calculations of grain alignment and disruption ignore the
dependence of the rotation rate ωRAT on the angle ψ be-
tween the magnetic field and the radiation direction. As
shown in Hoang & Lazarian (2009), the rotation rate
by RATs changes slightly with ψ for ψ < 45◦, and it
rapidly falls for ψ > 80◦. Therefore, the effect of dis-
ruption is expected to decrease significantly when the
magnetic field is perpendicular to the radiation.
7.6. Implication for grain structures in the AGN torus
Our obtained results show that grains with a low ten-
sile strength of Smax ∼ 107 erg cm−3 can be disrupted to
a larger distance than those with a high tensile strength
(see Figure 6). This implies that large fluffy grains are
unlikely to survive in the torus, whereas compact grains
have higher. However, we cannot rule out the presence
of large fluffy grains in dense clumps. Moreover, the
RATD mechanism implies an increase in the abundance
of small grains with decreasing the radial distance to
AGN.
8. SUMMARY
We have studied grain alignment and rotational dis-
ruption of dust grains by RATs in the local environment
of AGN and model extinction and polarization of AGN.
Our main findings are summarized as follows:
1. Large grains within 100 pc in the polar cone and
10 pc in dusty torus can be rotationally disrupted
by RATs. The efficiency of RATD decreases if the
dust reddening effect is significant or grains have
higher tensile strength. Micron-sized grains can
survive in the presence of RATD at large distances
of d ≥ 10 pc in the polar cone.
2. Modeling of extinction and polarization curves for
a dusty slab located at different distances d reveals
the strong variation of the curves with d. Both
the total-to-selective ratio RV and the peak wave-
length of the polarization curves decrease rapidly
with decreasing d. This can be used to inter-
pret observational data for an AGN with a clumpy
structure where each the dusty slab is considered
as a clump.
3. Assuming an density profile for the polar and
torus, we calculate the final extinction curve pro-
duced by grains in the presence of RATD. We find
that the final extinction curve usually exhibits a
steep rise toward far-UV due to strong conver-
sion of large grains to small grains near the cen-
ter of AGN. Thus, RATD mechanism can success-
fully explain for the ’SMC-like’ extinction curve
observed toward individual AGN.
4. We suggest that the comparison of the efficiency
between RATD and other dust destruction mech-
anisms which are responsible for destroying very
small grains is the key in order to explain the mix-
ture between the ’gray’ and the ’SMC-like’ extinc-
tion curve observed from AGN. The observed ex-
tinction curve will show the flat UV extinction if
very small grains are strongly disrupted up to the
active region of RATD.
5. The conversion of aligned large grains to small
grains via RAT alignment and disruption reduces
the optical-NIR polarization degree, but increases
the UV polarization. As a result, the observed po-
larization produced by aligned dust grains has a
short peak wavelength λmax.
6. The removal of large aligned grains near the nu-
cleus of AGN via the RATD effect can decrease the
polarization degree of far-IR thermal dust emis-
sion, resulting in the decrease of P with emis-
sion intensity toward the central region of galaxies.
This could reproduce the frequently observed fea-
ture toward central regions of galaxies.
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